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Introduction:
The successful implementation of EUV lithography systems strongly relies

both on the efficiency of the employed optical components and the precise

control of the relevant source parameters. Metrology tools for compre-

hensive characterization of EUV radiation and related optical components

and sensoric devices are developed at Laser-Laboratorium Göttingen,

utilizing a table-top laser-based source for the generation of 13nm radiation.

The spatial emission characteristics of this source was monitored by the

help of various diagnostic tools, including pin-hole cameras, a spectrometer

and a Hartmann-Shack wavefront sensor sensibilized for 13nm radiation. A

Hartmann-Shack technique was also applied for visualization of the target

gas jet.

Experimental:
The experimental arrangement is shown in Fig. 1. The EUV plasma is

produced with the help of a Nd:YAG laser (1064nm, 700mJ, 6ns), which is

focused into a pulsed gas jet. The alternate use of xenon or oxygen as

target gas accomplishes either an intense broad-band or a less intense

narrow-band line emission at 13nm.

Different types of nozzles and laser parameters were tested in order to

optimize the emitted radiation with respect to maximum EUV intensities,

small source dimensions, pulse-to-pulse fluctuations and positional

stabilities. The investigation of these crucial source parameters was

performed with a specially designed EUV pinhole camera (cf. Fig. 3),

utilizing evaluation algorithms developed for standardized laser beam

characterization.
Fig. 1: Table-top EUV source for metrology, consisting of a Nd:YAG laser  with and a pinhole camera. The

EUV plasma is generated by focusing the laser into a pulsed Xe gas jet. The diagnostics equipment comprises
pinhole cameras, an EUV spectrometer and a Hartmann-Shack wavefront sensor for 13nm radiation.

integrated  target chamber
(1064nm, 6ns)

Fig. 3: Photograph of EUV pinhole camera, consisting of a 30µm pinhole,
a Zr filter and a CCD chip with EUV-Vis quantum converter. The EUV
camera system is commercialized by JENOPTIK Mikrotechnik GmbH.

Fig. 8: Photo of the Hartmann wavefront sensor @ 13nm showing orthogonal

pinhole array drilled by KrF excimer laser (pinhole diameter: 175µm,

spacing: 750µm)

Fig. 7: EUV beam profiles taken at different positions along
the optical axis behind polycapillary lens

Fig. 2: EUV plasma monitored with p for different positions of
the laser focus

inhole camera

Spezifications of laser-based EUV source:
- wavelength (Xe target): 7 - 20 nm

- pulse length: 6ns

- plasma shape: spherical,

Æ(1/e²) 400µm ± 10%

- pulse-to-pulse-stability: ± 10%

- positional stability: ± 10%

- repetition rate: 1 - 10Hz

- conversion eff. (Xe): 0.2- 0.5% (4p)

Summary:

A table-top EUV source for metrology was developed. For spatially

resolved monitoring of the EUV emission characteristics different

pinhole cameras were utilized. With the help of EUV sensitized

cameras caustic measurements of “X-ray lenses” were

demonstrated

Moreover, the directional distribution of the EUV radiation before

and after reflection from multi-layer mirrors could be monitored with

the help of a Hartmann wavefront analyzer sensibilized for 13nm

radiation.

Fig. 4: Recording of pulse-to-pulse fluctuations and determination of

positional stability (P.S. Delta) for laser-generated EUV plasma

with pinhole camera @13nm, accomplishing single-pulse

resolution up to repetition rates of several kHz.
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Fig. 5: Sketch of EUV target chamber with integrated pinhole camera and
experimental setup for determination of the target gas density distribution
via Hartmann-Shack wavefront sensor

Fig. 6: Testing of optics by the help of EUV sensitized CCD-cameras:
measurement of the focused beam behind a  polycapillary „X-ray lens“

Fig. 9: EUV wavefront monitored after reflection from Mo/Si multilayer

mirror, indicating strong astigmatism induced by substrate distortion.

Wavefront @ 13nm:

• X-ray concentrator

• Tapered bundle

• capillary dia. = 100µm
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